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GM-CSF Induces Cyclin D1 Expression and Proliferation of Endothelial Progenitor Cells via PI3K and MAPK Signaling
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Introduction
Endothelial progenitor cells (EPCs) constitute a minor population of mononuclear cells that are mobilized into the peripheral circulation and recruited to sites of vessel injury, where they participate in new vessel formation under physiological and pathological conditions by differentiating into endothelial cells [1, 2] . The co-recruitment of hematopoietic cells, which mediates the delivery of angiogenic factors, facilitates the incorporation of EPCs organ vascularization and regeneration. Furthermore, the mobilization of EPCs to sites stimulation of neovascularization, has provided researchers with a potential target for antitumor therapy [4] . been studied mainly for its role in the regulation of the proliferation and differentiation of hematopoietic and myeloid progenitor cells [5, 6] . The effect of GM-CSF is not limited to cells of hematopoietic lineage, and endothelial cells have been shown to respond to the EPCs, resulting in improved vascularization in mice [9] and increased myocardial collateral of EPCs derived from murine bone marrow mononuclear cells [11] . GM-CSF signaling is on the stimulation of EPC proliferation. Our results show that GM-CSF promotes cell cycle 
Materials and Methods

Isolation of endothelial progenitor cells
Inhibition of JAK/Stat, PI3K/Akt and MAPK signaling
Statistical Analysis data are presented as means ± SD. Statistical analysis was performed using Student's two-tailed unpaired t p
Results
GM-CSF promotes the proliferation of EPCs through accelerated cell cycle progression
PBMCs were isolated from human venous blood samples and cultured for 5 days. Cells were assessed by western blotting in EPCs treated with different concentrations of GM-CSF 3B). Because cyclin E gene transcription has been shown to be responsive to E2F in cancer and decreased the amount of E2F-1 bound to Rb, and these effects were reversed by the upregulation of cyclin D1 by GM-CSF resulted in the activation of E2F-1 through the
GM-CSF induction of cyclin D1 expression is mediated by PI3K/Akt signaling
To further investigate the potential pathways underlying the activation of cyclin D1 is activated in human vascular endothelial cells by GM-CSF via the GM-CSF receptor (GMR) --pitation (IP) with an anti-Rb antibody followed by immunoblotting with anti-Rb and anti-E2F-1 antibodies.
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parallel with the upregulation of cyclin D1, and these effects were abolished by treatment by GM-CSF is mediated by the modulation of the levels of cyclin D1 via a mechanism that Discussion GM-CSF is involved in the regulation of several pathways, and its role in the stimulation [5, 6] . In addition to its function in the regulation of hematopoiesis, GM-CSF plays a crucial compared with the GM-CSF group. shown to function in accelerating the proliferation, viability, and migration of EPCs [11, 25] .
In the present study, we showed that GM-CSF accelerated the proliferation of EPCs by upof cyclin D1.
into newly formed vessels. The involvement of GM-CSF signaling in angiogenesis was also shown in an in vivo Wang et al. showed that GM-CSF accelerates the proliferation of EPCs originated from bone marrow mononuclear cells, although the underlying mechanism was not elucidated [11] .
resulted in the activation of E2F-1 and its translocation to the nucleus, upregulating the levels of cyclins D1 and E and the stimulation of EPC proliferation. Cyclin D is a member of the cyclin family that is induced by and mediates the effect of mitogenic growth factors, and its effect on the regulation of cell proliferation in association
In conclusion, the present study showed that GM-CSF enhances the proliferation of EPCs underlying the effect of GM-CSF on the modulation of cell cycle progression in EPCs, which is important considering the critical role of circulating EPCs in neovasculogenesis and their therapeutic potential in cardiovascular diseases, limb ischemia and vascular repair.
